A wave height of the order of 18 inches, with a crest-to-crest distance of 25 feet was used. The height and form of the waves was recorded in each experiment. An attempt to record the subject's movement was made by attaching a line to a mouthpiece held in the subject's teeth. Cinephotographic records of the trials were made both above and below water so that the attitude and motion of the subject could be observed.
Although it is not yet possible to publish acceleration figures of wave and man-jacket combination the visual records and subjective impressions confirm that 30 lb buoyancy correctly distributed and secured is the absolute minimum which will produce satisfactory performance in a life jacket, and increasing the buoyancy to 40 lb produces a considerable improvement. It was noted that those jackets which were self-righting in calm water turned the subject to face the waves in every case while those with buoyancy distributed equally fore and aft failed to turn him. As During an evaluation of the problem of submarine escape, a group of 12 men was studied in water at 5°C. They were asked to compare the relative merits of the one-man dinghy as used by airmen, and the standard air-inflated suit at present used by the submariners. For the dinghy experiment the men wore underwear, with denim trousers, shirt, jersey and seaboot stockings. They spent 60 seconds in the water before climbing into the life-raft. When in the escape suit they wore similar clothing with the suit over, but spent the first minute in the water with the suit uninflated. Skin temperature measurements using thermistors and core temperatures using a heat-sensitive radio pill, as well as ECG and metabolic rates, were recorded.
The most interesting result was the collapse of one of the subjects, aged 24, who was in the water, lightly clad, prior to entering the dinghy. He had successfully completed the escape-suit portion of his trial on the previous day. Two years earlier he had taken part in a similar trial in the open sea, the water temperature at that time being 15°C. He slid into the water and started the usual distressful gasping, seen in all the subjects. He had passed the worst phase, that of the first 15-20 seconds, and had stated that he was, and was indeed thought to be, in a satisfactory condition. At 40 seconds from water entry his facial expression rapidly changed, he took a few rapid breaths inflating his chest, then flopped his head over apparently unconscious. He recovered consciousness 30 seconds after being removed from the water. Peripheral pulses were not palpable because of the intense vasoconstriction. The heart on auscultation was beating very rapidly, and an ECG taken one minute after he was pulled from the water gave a rate of 160 per minute. No arrhythmia was seen. He recovered fully on warming in a hot bath. Subsequently he said that he had felt as well as could be expected and was thinking about getting into the dinghy when he was seized with a sudden gripping pain in the chest.
All the other subjects completed periods of three hours in the suit and dinghy. Those in the submarine escape suits were showing a marked degree of peripheral cooling while those in the dinghy were showing a steady state at the end of three hours. In none of the subjects did the deep body temperature drop by a significant amount, although in all there was a downward trend.
Subjectively, 9 of the 11 subjects preferred the dinghy in spite of the very cold water.
Discussion
These men were tested with some degree of protection, but it is first important to consider the unprotected man. At a water temperature below 34-350C, the comfortable trunk skin temperature (Yaglou & Wesser 1941 ), heat will be transferred away from the body. This occurs more rapidly in water owing to the fact that heat is transferred away from the body twenty-seven times faster than in air. The movement of the water, such as a rough sea or a fast flowing river, will also increase this rate of heat transfer. Nelms (personal communication 1963) describes severe cooling in nude subjects in rapidly agitated water at 15°C after forty minutes. Around the British Isles the sea temperature reaches its maximum of 17°C in the Channel during the late summer months, but in March it is 10°C in the Channel, 3 5°C at the mouth of the Thames and the Dogger Bank, and 6°C off North Scotland. This means that the local sea temperature never reaches 20°C, the temperature above which the body can maintain a reasonable thermal balance. Pugh & Edholm (1955) in a study of Channel swimmers demonstrated the importance of a layer of body fat. The lean subject they described lost heat so rapidly that swimming in water at 16°C for thirty minutes produced a temperature drop from 37°C to below 34°C. The benefit of adipose tissue was also demonstrated by Keatinge & Evans (1961) who observed a linear relationship between the amount of body heat lost (fall in rectal temperature) and the reciprocal of the skinfold thickness. However, this layer of fat is found only on the main mass of the body and the appendices of hands, feet, ears and nose constitute also a very important source of heat loss. It has recently been stressed by Beckman (1963) that this is due to the geometry of the parts, the fingers being treated as a cylinder. This is well known from field trials where it is usual to find experiments terminated owing to the extreme fall of peripheral temperature while the main body temperature is still within acceptable limits. This has been a limiting factor in our own experiments and raises the question of how far one can allow tissues to cool before the onset of permanent damage. Keatinge & Cannon (1960) allowed their fingers to be frozen repeatedly for periods of up to eleven minutes in brine at -1 -9C, the freezing point of salt water, demonstrating that frostbite can occur at sea temperatures, and also that recovery will take place. There are still no adequate data on slow cooling of tissues to a higher temperature, say 5°C, and after what period of time permanent damage sets in.
